T HE effect of generalized body cooling on the central nervous system has been under investigation since the introduction of hypothermia as a neurosurgical adjunct, s Neurophysiologic studies have shown modifications in the function of the central nervous system during generalized body cooling. 19 Detailed analysis and interpretations, however, were difficult since all systems of organs were involved equally in the cooling process. Localized cooling confined to a discrete structure of the central nervous system would seem desirable experimentally from several points of view. Reversible or nonpermanent interruption of brain function could be produced with moderate cooling and the effects could be confined to circumscribed regions. For example, made good use of such a technique in an investigation of the spinal cord, but the extension of that technique to the brain did not seem feasible. The development of a slender refrigeration probe, cooling only at its tip, 2a which could be placed stereotactically to selectively cool small regions of the central nervous system has re-opened this problem to investigation.
One of the purposes of the present study is to explore the influence of temperature on mechanisms of intracerebral electrophysio- Fulbright Exchange Scholar from Sapporo Medical College and Hospital, Sapporo, Japan, logic transmission. A second purpose is to identify the stages in functional modification of activity of the central nervous system so that the cooling probe can be utilized effectively in surgery. Particularly important in this regard is a close scrutiny of reversible blocks of neural function. The obvious importance of these to the surgeon (e.g. identifying internal capsule during a stereotactic surgical procedure without producing permanent damage) does not require elaboration. This study of physiologic function is complementary to those studies of histopathologic change within the cooled area 22 necessary before any extensive clinical use of the cooling probe.
The following cerebral systems were investigated during regional localized cooling:
1. Visual System: Electrical stimulation of the chiasm with recording of the evoked potential in the lateral geniculate body and the visual cortex was carried out, with cooling either at the chiasm or in the lateral geniculate.
~. Somesthetic System: Electrical stimulation of the skin of the forepaw and recording of the evoked potential in the contralateral cortical primary somesthetic area was carried out during cooling of the contralateral sensory nucleus of the thalamus (VPL).
3. The "Reticular Formation": Recording of spontaneous alterations in the electrocortieogram as well as determination of the threshold for "arousal" by electrical stimulation was carried out during cooling of the mesencephalic reticular formation.
4. The "Pyramidal" System: Cooling at the point of stimulation in the internal capsule and the pes peduncularis was carried out with simultaneous recording of the evoked motor response.
5. The "Extrapyramidal" System: The changes in tremor elicited by oral pontine tegmental stimulation were recorded during cooling of the ventrolateral nucleus of the thalamus.
MATERIALS AND METHODS
Thirty-two adult cats anesthetized with Nembutal were used. For study of the reticular formation and 1 visual-system experiment the animals initially were anesthetized with ether and maintained under ether and local anesthesia during the surgical preparation. Flaxedil and artificial respiration then were used during recording. The electrodes and cooling probe were placed stereotactically in the desired subcortical structures utilizing the atlas of Jasper and Ajmone-Marsan I4 and the stereotactic instrument of Kopf.
Stimuli were delivered from a Grass $4 stimulator through an isolation unit and delivered to the optic nerve or chiasma for exploration of the visual system or to the skin of tile forepaw for exploration of the somesthetic system. Experiments involving the reticular formation utilized a rectangular pulse of 0.5 to 1.0 msec. in duration and a frequency of 150 c./sec, at the intensity necessary to give an arousal reaction. In experiments involving the motor system the stimulus was applied somewhere within the internal capsule or in the peduncles. Stimulation of the oral pontine tegmentum at 30/see. was used to evoke an experimental tremor as described by Folkerts and Spiegel2
The interelectrode distance was about 1 mm. for the stainless-steel bipolar stimulating electrodes. Evoked potentials were recorded by means of bipolar concentric or parallel needle electrodes; amplified through Argonaut LRA 04r differential pre-amplifiers; displayed and photographed on a Tektronix 50~ oscilloscope. All illustrations in the paper represent a superimposition of seven to ten sweeps at the parameters indicated. The cortical recordings were obtained by means of bipolar or monopolar electrodes, the indifferent electrode being in the frontal bone. In the experiments involving the cortical arousal reaction elicited by stimulation of the reticular formation, an eleetrocorticogram was recorded by means of silver-ball electrodes in direct contact with the surface of the brain. Experiments on the pyramidal system included the response recorded by means of a pair of electrodes inserted into one of the muscles with a visible motor response. The electromyogram was recorded on the oscilloscope; similarly, in the experiments utilizing artificial tremor, the electromyogram was recorded from those muscles giving a visible response.
Localized cooling was produced by means of a concentric needle cooling probe described in a previous publication. 22 A thermoeouple fixed to the tip of the probe permitted continuous monitoring of temperature on a polygraph. During these experiments the cooling probe sometimes also carried the recording electrodes and sometimes the stimulating electrodes. The distance between the tip of the cooling probe and the electrodes is indicated in the pertinent figures (it is usually less than 1 ram.).
At the end of tile experiment, before sacrificing the animal, the location of the electrode is marked by the technique of Hess 13 (Prussian blue reaction to eleetrolytieally deposited iron).
RESULTS
We should like to consider the results in relation to three experimental strategies; that is, cooling at the site of stimulation, cooling between the sites of stimulation and recording, and cooling at the site of recording. In addition, we shall mention briefly the situation in experimental tremor in which we cooled a structure apparently remote from (although undoubtedly related to) the system responsible for the observed function.
A. Cooling of the Site of Stimulation. This approach was utilized in an afferent system by cooling the stimulated optic chiasma while recording from the lateral geniculate and visual cortex; and in an efferent system by cooling the stimulated internal capsule while recording evoked activity of muscle.
1. Visual System: As the optic nerve or chiasm is reduced in temperature from 80~ there is a slight increase in the amplitude of the evoked potential recorded at the lateral geniculate until ~7~ is reached. The potential then remains relatively constant in amplitude to ~0~ below this temperature it diminishes in amplitude roughly linearly. When a temperature of about 5~ is reached, the late waves of the response (Fig. 1, line  A) have an amplitude one-half that recorded at normal brain temperature and there is an increase in latency of several msec. This effect is reversible after as long as ~0 rain. at this temperature. The response recorded from the contralateral geniculate body (Fig.  1, line B) , which is elicited by fibres more distant from the cooling probe and therefore at a higher temperature than those in line A,
